Introduction: Romania has the highest incidence and mortality rate of cervical cancer in Europe. The objective was to estimate the prevalence of high-risk human papillomavirus (hrHPV) genotypes and to evaluate the role of certain socio-behavioral factors in acquiring viral infection, in a cohort of Romanian women with negative Pap. Methodology: In a prevalence study 611 women (aged 17-58 years) with negative Pap, with no known history of atypical cytology and valid HPV test were included. Each participant completed a questionnaire containing data on socio-behavioral factors. From 344 women aged between 30-58 years, 63 were randomly selected for a second examination (conventional cytology and HPV detection and genotyping) after twelve months. Results: Of the 611 women, 19.80% were HPV positive, 14.73% infected with hrHPV. Differences in the prevalence of hrHPV (17.60% versus 12.50%) as single (13.01% vs 9.01%) and multiple infections (9.71% vs 3.49%) were noted between women under the age of 30 and above. Among socio-behavioral factors, marital status and multiple sexual partners correlate with HPV and hrHPV infection. At follow-up, from 34 HPV negative cases, 10 changed to positive (5 hrHPV), while 2 developed abnormal cytology. Out of the 29 HPV positive cases, 12 cleared the HPV infection and 17 retested positive of which 4 worsened their cytology. Conclusions: In Romania, HPV infection is common in women with negative cytology. HPV genotyping is of epidemiological importance because the distribution of hrHPV types can determine the impact of prophylactic vaccines and the necessity of HPV testing as screening method.
Introduction
According to the Global Cancer Observatory (GLOBOCAN) from the World Health Organization, cervical cancer is the fourth type of cancer in women worldwide [1] , with variable prevalence in different populations due to access to screening programs [2] . From near 200 HPV genotypes identified so far, near 40 target mucosal epithelium [3] . HPV genotypes 16, 18, 31, 33, 34, 35, 39, 45, 51, 52, 56, 58, 59 and 68 demonstrated increased oncogenic potential and are classified as high-risk HPVs; among them, HPV 16 and HPV 18 account for approximately 70% of total cases of this cancer [4] . Phylogenetic analysis revealed that HPV genotypes associated with cervical carcinogenesis belong to high-risk clade of the alpha genus, alpha-7 (HPV 18, 39, 45, 59 and 68) and alpha-9 (HPV 16, 31, 33, 35, 52 and 58) species groups being most common found in cancers [5] . It is estimated that about 50-75% of sexually active women have acquired HPV infection(s) during their lifetime [6] but few of these infections persist and lead to cervical lesions and cancer. In fact, most of them, mainly infections in women younger than 30-35 years, clear spontaneously due to intervention of the host immune system [7] . The risks of persistence are related to hrHPV genotypes [8] viral variants [9] , genetic, immune and sociodemographic factors. Virtually all cases of cervical carcinoma are HPV positive, but the distribution of HPV genotypes varies by geographical area and age [10] .
Despite immunization against HPV, GLOBOCAN estimate a significant increase of cervical cancer by 2035, Pap screening remaining the best option for preventing this malignancy. Data show that Pap test's sensitivity varies between 30% and 87%, although it has an increased specificity (86 -100%) [11] . Accurate diagnosis of HPV infection is performed by molecular methods (HPV DNA identification in biological sample). Based on several observations suggesting that the detection of HPV DNA precedes abnormal cytology and women who tested negative for hrHPV have a very low risk of developing premalignant lesions over the next 10 years [5] new guidelines recommend HPV test as primary screening. Thus, detecting hrHPV in women with subclinical or asymptomatic infections can identify subjects at risk and refer them to follow-up according to European Guidelines in cervical cancer screening [12] .
Romania records the highest incidence and mortality rate of cervical cancer in Europe. The crude incidence rate (CIR) varies between regions: 17.8 for Bucharest and 31.3 for Moldavia while the crude mortality rate (CMR) is 16.7 for Bucharest region and 12.4 for Moldavia region [13, 14] . Overall, the mortality rate in this disease is six times higher than the average for the other countries in European Union, this type of cancer being the third most common cancer in women. After 20 years of absence, Romania has reimplemented in 2012 the national cytology-based screening, targeting women aged 24-65 years. The national vaccination program was unsuccessful mainly due to a weak information campaign that failed to explain the advantages of anti-HPV immunization.
The objective of the study was to estimate the prevalence of hrHPV genotypes and the role of certain socio-behavioral factors in acquiring the viral infection in a cohort of Romanian women with negative cytology.
Methodology

Samples collection
This prevalence study was conducted between 2010 and 2015 in Romania and included sexually active women aged 17-58 years. Conventional cytology was performed by trained cytologists according to screening practice and Bethesda System was used for reporting Pap smear results. Inclusion criteria were: women with current or past sexual activity, presenting NILM (Negative for Intraepithelial Lesion or Malignancy) cytological diagnosis and willing to participate in the study. Exclusion criteria: current or previous history of abnormal cytology, current pregnancy and hysterectomy. Of the 1726 investigated women, only 611 met the enrollment criteria and were included in the study. Each woman signed an informed consent and filled out a short questionnaire consisting of sociobehavioral data. For viral testing, specimens from ectocervix and endocervix of each woman were collected by gynecologists using a cytobrush. The samples were preserved in Copan medium, transported to Stefan S. Nicolau Institute of Virology and stored at 4°C until DNA extraction (maximum 2 days).
Based on the fact that a large number of transient HPV infections is found in young women and the spontaneous clearance of HPV infection significantly diminishes in women over 30 years old, we decided to focus on the older group. Twelve months after the first investigation, from the 344 subjects aged between 30-58 years, we randomly selected 63 women for a second examination (cytology investigation and viral test).
DNA isolation
DNA was isolated from cervical smears using High Pure PCR Template kit (Roche Molecular Biochemicals, Mannheim, Germany), within 2 days from sample collection. DNA extraction was performed from 1 mL of cell suspension, according to manufacturer's recommendations. Isolated DNA was subsequently used for HPV detection and genotyping.
HPV DNA genotyping
Human 
Statistical analysis
The statistical calculations were performed using GraphPad Prism v5.0. The association between HPV infection, genotype and social-behavioral factors was analyzed using Fisher's exact test with 95% confidence interval for computing Relative Risk (RR) and Odd Ratio (OR). As reference the condition less risky was chosen. A value above 1 for RR and OR indicates a risk factor for HPV infection while a sub-unitary value suggests respective conditions as a protective factor.
Results
Out of 1726 investigated women, 611 subjects aged between 17-58 years old (mean age ± standard deviation: 31.56 ± 7.38) met the inclusion criteria for the study. From these, 121 women (19.8%) were found HPV positive (comprising 26 of 37 tested genotypes). Among the positive cases, 68.6% (n = 83) presented single infection and 31.4% (n = 38) multiple infections. Low, medium or undetermined HPV genotypes were found in 31 cases: HPV 11 (n = 10; 8.26%), HPV 66 (n = 9; 7.38%), HPV 6 (n = 9; 7.38%) and HPV 63 (n = 5; 4.13%). On the other hand, hrHPVs were identified in 90 women (14.73% of all cases, 74.38% of HPV positive ones). HPV 16 was the most common oncogenic type (n = 30; 24.79% of all HPV-positive samples) with a frequency of 17.54%. Other hrHPV were HPV 33, HPV 51 (n = 8; 6.61% each), HPV 18 (n = 7; 5.78%) and HPV 31 (n = 6; 4.95%). Multiple infections harboring two hrHPV were found in 10 of 121 positive cases (8.26%), and three oncogenic types in one case.
Differences between women under 30 years and above were observed both in overall HPV and hrHPV prevalence either as single or as multiple infections. Age stratification of subjects older than 30 years showed the lowest HPV prevalence in the 30-34 years group and the highest in the 35-39 years group. On the other hand, comparable percentages of hrHPV were found in groups 30-34 (n = 17; 11.64%) and 35-39 (n = 12; 11.88%) and higher in women over 40 years (n = 14; 14.43%) ( Table 1) .
The distribution of the hrHPV in women under and over 30 years old is shown in Figure 1 .
HPV 16 as a single infection was equally distributed between these groups. HPV 18 was prevalently encountered as multiple infections in women under 30 and as single infections over this age. HPV 51 was found (as single and multiple infections) in a higher number in younger women (< 30 years old). HPV 33 has a higher share of multiple infections in the group under 30 and in single infections in subjects over 30 years old, while HPV 52 was found only as single infections in both groups.
Based on the questionnaires filled by the enrolled women, the correlations between hrHPV infections and socio-behavioral factors were further investigated.
In this context, statistical calculations were performed versus the acquisition of oncogenic genotypes, but also vs genotype 16 whose prevalence was significantly higher in the study group. The data obtained indicates a strong and statistically significant association of the number of sexual partners (more than 5) with HPV infection OR = 4.072 (1.80-9.24, p = 0.0011) and with hrHPV positivity OR = 5.061 (2.12-12.1, p = 0.0006). Even if a high prevalence of HPV 16 was noticed, no statistical significance for the association between acquiring this genotype and behavioral factors was observed, maybe due to the small number of cases.
The unmarried status favours the acquisition of both HPV infections OR = 2.047 (1.11-1.56, p = 0.0006) and hrHPV genotypes OR = 1.946 (1.23-3.07, p = 0.005) although the data might suggest a difference between a stable partner or not. Number of births seems to play a protective role rather than a risk for HPV infection as seen in Table 2 . Older age at primiparity and births appear to be protective factors against HPV 16 acquiring, as RR and OR were found to be sub-unitary in these cases. No association was found between HPV infection and contraceptive measures.
Among the women enrolled in the study, 63 subjects were cytological and viral retested after 12 months since recruitment. Table 3 . The data revealed a link between the number of partners and HPV DNA positivity (acquisition and/or carring).
Discussion
Women with cytology within normal limits who tested negative for hrHPV have a very low risk of cervical pre-cancer for the next 5-10 years. On the other hand, HPV infections are less frequent in adult women compared with younger ones, but the risk of persistence increases with age. Therefore, screening strategies recommend viral testing for high-risk genotypes in women over 30 and retesting in an interval between 3 to 5 years or more [15, 16] . In this study, a method that allowed the detection of individual genotypes was used in order to better illustrate the distribution of each hrHPV genotype. Out of 611 enrolled subjects with normal cytology, 19.8% tested HPV positive. The prevalence of the viral infection decreased with age, from 24.78% in women under 30 years old to 17.44% in those of 30 and over. Burchell et al. found the highest HPV prevalence in younger women (< 20), a decrease in the middle age groups, and an increase again at age 65 and older [17] . In a meta-analysis of women with normal cytology, de Sanjosé et al. reported the highest HPV prevalence in women younger than 35 years old with a second peak in women aged 45 years or older [18] . Our results showed that HPV prevalence was highest in young (< 25 years old) and middle-aged women (35-39 years old, 19.80%).
We detected hrHPV in 90 of the 611 enrolled cases (14.72%), the lowest prevalence being found in groups of 30-34 and 35-39 years (17 of 23 and 12 of 20 respectively). In our country, Voidazan et al. reported that in women having NILM cytology 20.8% were HPV positive and hrHPV was found in 12 out of 15 HPV positive cases [19] . We found that the most commonly detected hrHPV types are similar to those described in pre-neoplastic and cancer cases, although the frequency of HPV 16 is significantly higher than other genotypes. Also, Ursu et al. confirms the high-risk genotypes identified in our study, along with HPV 16, genotype 51 being common, while the prevalence of HPV 18 decreased compared to previous studies [20] .
The data we obtained on the prevalence of oncogenic genotypes support screening based on viral testing. HPV 45 is less common in our country, but other hrHPV types should be tested (HPV 31, 33, 51) [4] . Some of HPV types, such as HPV 53 and HPV 66 were classified for cautionary reasons as possibly carcinogenic to humans even in the absence of adequate epidemiological data on their carcinogenic potential. They are relatively common in women with normal cytology and in women with low-grade cervical lesions [21] . In our study, three HPV positive patients (carrying genotypes 53, 66, 70) turned negative after one year. Multiple infections were considered to be a risk if any HPV detected was a high-risk one [22] . While some authors correlate the presence of multiple HPV types with the severity of cervical intraepithelial neoplasia [23] , other authors have reported that infection with multiple types does not increase the risk of developing or progression to cervical cancer [24, 25] . In this study 30.58% of the infected women carried more than one viral type. The peak of all single infections was noticed in 35-39 age group (16.83%) while two peaks were observed for single hrHPV: in group of 25-29 years old (11.04%) and women over 40 (10.31%). The frequency of high-risk multiple infections decreased with age, the highest values being noted for women under 30 (8.58% for all HPV types and 7.46% for high risk types), while the lowest were found in 35-39 age group (2.97% for both oncogenic and all HPV types).
Analyzing the questionnaires filled by the enrolled women, we found that the risk factor associated with HPV infection is the number of partners (>5), while protective role seems to be linked to the marital status (married), contraceptive measures and the number of pregnancies (the explanation for this fact could be that these women are generally married and are more likely to address the gynecologist for investigations). In fact, other authors underlined that among risk factor associated with genital warts are the number of sexual partners and other sexually transmitted diseases in the previous 24 months [26] .
The most carcinogenic HPV types concentrated in species alpha-9 and alpha-7 clades were known for an elevated risk of progression given persistence rather than persistence alone. Although several reports [8] have suggested that one HPV infection reduces the risk of contracting another infection from the same species by sharing group-specific immune protection or general protection, we found one multiple infection case (HPV 16 and 31) belonging to alpha-7 whose persistence in follow-up may be the cause of progression to HGSIL cytology. These results may suggest that co-testing is a suitable approach for identifying women at risk. Bulkmans et al. reported that HPV 16 and HPV 31 have a great risk of progression to CIN and the lowest rates of clearance [27] . In our study, 4 cases of multiple infections at baseline (genotypes belonging to two different alpha families), tested positive only for one HPV type at folow-up (HPV 18 and 53 at enrollment retested HPV 18; HPV 51 and 40 retested HPV 51; HPV 31 and 66 retested HPV 66; HPV 33 and 54 retested HPV 54). Our results showed that 12 of 29 HPV positive women retested negative after one year. The POBASCAM study that addressed HPV testing in the Netherlands drew attention to the risk of developing CIN 3+ lesions in women who tested intermittently, compared to women who consistently had HPVnegative results. These cases, which often carry the same genotype, suggest reactivation rather than new infection. The authors recommended that viral screening intervals should be determined separately for HPV DNA positive and negative women [28] .
Primary HPV screening is very effective in reducing the risk of cervical cancer and screening intervals should be extended also to negative HPV and NILM cytology. In this study out of the 36 subjects who retested HPV negative at follow-up, 2 developed LGSIL cytology. We supposed that HPV DNA was not detectable by the test we used and these observations were also reported by Wright et al. [29] . In fact, Schiffman et al. emphasized that co-testing brings benefits to women who test negative for HPV but have altered cytology [30] .
The acquisition of hrHPV during the follow-up period significantly increased the risk of cytological abnormalities. Thus, after follow-up Pap test revealed that 2 patients developed ASCUS (Atypical Squamous Cells of Undetermined Significance), 3 LGSIL and one HGSIL. We found a low rate of new HPV infections among women who tested negative at enrollment. This makes repeated HPV-screening with intervals of every 5-6 years an even more attractive option to prevent cervical cancer, the test being as safe and effective as three-year cytology screening [31] . On the other hand, Eurogin Roadmap 2017 suggested that the results from epidemiological studies could improve the accuracy of retesting intervals and methods for hrHPV positive women with negative cytology [32] .
Although our follow-up group study was carried out on a limited number of individuals, it generated results that may permit the policy makers to initiate cervical cancer screening using co-testing strategy, based on hrHPV detection and cytology, mainly when the prevalence of the oncogenic types varies among countries and according to age and behavioral factors.
Conclusions
HPV infection is common in women with negative cytology in our country (19.8%), 74.38% of positive cases presenting high-risk genotypes, emphasizing the importance of HPV DNA testing in Romania. Viral genotyping has a significant role both in identifying women at risk of developing pre-neoplastic lesions and in their monitoring, particularly in women who have negative Pap smears allowing for discrimination between viral persistence and the acquisition of new infections. Genotyping has also an epidemiological importance for Romania as the distribution of hrHPV types can establish the impact of prophylactic vaccines and the utility of the HPV DNA screening tests.
